Objective: Idiopathic reactive hypoglycemia is defined as early postprandial hypoglycemia occurring on ingestion of high carbohydrate containing meal. Remission ensues with high protein low carbohydrate diet. This study assessed roles of insulin and glucagon in its onset and remission. Methods: Plasma glucose, insulin and glucagon were determined after an overnight fast and repeatedly until 180 minutes on ingestion of 3 meals; 100 g glucose; 100 g pure protein liquid and mixture of 50 g each at 14 days' interval. Five adults with IRH and 6 age matched healthy volunteers participated. Results: In IRH, glucose ingestion induced prompt rise in glucose (5.1 ± 0.8 to10.5 ± 1.2 mM/L) followed later by hypoglycemia (2.6 ± 0.4 mM/L). Insulin rose from 7 ± 2 to 90 ± 18 mU/L. Glucagon rose initially (10% ± 2%) from elevated basal concentration (373 ± 57 mU/L) followed by later decline (−43% ± 12%). On protein ingestion, glucose declined followed by a restoration to basal level while both insulin and glucagon rose (28 ± 6 mU/L; 148% ± 38%, p < 0.01). However, insulin response was lower and glucagon rise was greater when compared to responses on glucose ingestion (p < 0.01). With mixed meal, glucose (8.2 ± 0.6 mM/L), insulin (65 ± 12 mU/L) and glucagon (48% ± 7%) responses were lesser than rises following glucose ingestion (p < 0.05) and hypoglycemia did not occur. Conclusion: In IRH, initial hyperglycemia on glucose ingestion may be exacerbated by paradoxical glucagon rise and hypoglycemia may be induced by increased insulin and declining glucagon responses. Resolution of hypoglycemia with high protein low carbohydrate diet may be attributed to blunting of insulin response and concurrent glucagon rise.
Introduction
Idiopathic reactive hypoglycemia (IRH) is also described as early postprandial hypoglycemia often documented to occur within 2 hours after a meal containing a high carbohydrate content or following ingestion of a simple or a refined carbohydrate, e.g. sucrose or glucose [1]- [6] . High protein low carbohydrate diet frequently resolves postprandial hypoglycemia [1]- [6] . However, the pathophysiologic mechanism in induction of remission by intake of high protein, low CHO diet is not examined. Therefore, this study was conducted to assess the role of insulin and glucagon regulation in subjects documented to manifest this syndrome following oral administration of diets containing variable quantities of protein and carbohydrate.
Subjects and Methods
Five ambulatory subjects, 3 men and 2 women with ages 26 -45 years with a diagnosis of Idiopathic reactive hypoglycemia as previously established by occurrence of hypoglycemia (Plasma glucose < 50 mg/dl with symptoms) during 75 g oral glucose tolerance test after overnight fast. Subjects were not on any medication at the time of the study. 6 age matched (24 -42 years) healthy volunteers (3 men and 3 women) also participated. Informed consent was obtained from all subjects prior to participation. The study protocol was approved by Institutional Research and Development committee as well as Human Study Subcommittee.
Plasma insulin and glucagon concentrations were determined after an overnight fast and at repeated intervals until 180 min after ingestion of [1] 100 g of glucose [2] 100 g of pure protein liquid and [3] a mixture of 50 g glucose and 50 g pure protein liquid. Dietary studies were conducted at interval of 7 -15 days in a randomized sequence as described in our previous studies [7] [8] . Plasma glucose and insulin responses following meals were expressed as the absolute changes from fasting levels whereas plasma glucagon changes following meals were expressed as % change from basal concentrations. All plasma concentrations were determined by commercial kits with methods established in our laboratory. Intra assay and inter assay coefficients of variation for all determinations were 8-10% in our laboratory. Comparisons were conducted between fasting concentrations and between plasma responses following ingestion of individual dietary meal as well as for responses between meals. Statistical analyses were performed by students' "t" test and analysis of variance.
Results
Fasting plasma glucose and insulin concentrations were not significantly different prior to ingestion of each individual meal and were within the normal range (Table 1) . However, fasting plasma glucagon was markedly higher during all 3 studies in comparison to normal subjects ( Table 1) . After ingestion of 100 g. glucose meal, a significantly greater initial (30 -60 min) rise in plasma glucose was noted in subjects with IRH when compared to healthy volunteers. However, this rise in plasma glucose was followed by a later hypoglycemia in subjects with IRH but not in healthy volunteers. Plasma insulin rose promptly following the initial rise in glucose in all subjects. However, the rise in insulin was markedly higher in subjects with IRH in comparison to healthy volunteers. Glucagon level showed a paradoxical initial increase in 15 -30 min followed by a later decline at 60 minutes in subjects with IRH whereas a decline alone was noted in healthy volunteers (Figure 1, Table 2 and Table 3 ).
After 100 g protein meal ( Figure 2 , Table 2 and Table 3 ), plasma glucose showed an initial decline followed by a rise to basal level and the fall was significantly greater in subjects with IRH in comparison to normal subjects. However, hypoglycemia noted after pure glucose ingestion did not occur. Both plasma insulin and glucagon rose promptly in all subjects with no significant difference amongst groups of subjects. However, insulin response was significantly lower and glucagon response was significantly greater in comparison to the responses to ingestion of 100 g glucose meal.
Finally, in subjects with IRH, on administration of a mixed meal, 50 g protein and 50 g glucose, a modest rise in plasma glucose ensued without a subsequent decline to hypoglycemic concentration. Similarly, both plasma insulin and glucagon responses were also intermediate when compared with responses following other meals without significant falls below the basal concentrations (Figure 3, Table 2 and Table 3 ).
Discussion
Postprandial hypoglycemia is well documented to occur in several disorders [9] - [12] . It is classified into early and late phase postprandial hypoglycemia. In early phase variety, hypoglycemia ensues within 2 hours after a meal. Early phase hypoglycemia is seen with disorders with rapid gastric emptying, following partial or total gastrectomy as well as gastric bypass surgery [6] . Several studies attribute hypoglycemia to enhanced insulin secretion secondary to abnormally rapid absorption of glucose in patients with the above disorders [1]- [3] [9]- [12] . Alternatively, increased insulin sensitivity, decreased response of glucagon to acute hypoglycemia and glucagon receptor down regulation are implicated as possible mechanisms for onset of hypoglycemia [13] [14] . Late phase postprandial hypoglycemia with onset between 3 -5 hours is documented in subjects with prediabetes secondary to increased 2 nd phase insulin secretion [6] [9] [10] . Finally, hypoglycemia occurring after fasting or randomly during the day is induced by islet cell hyperplasia and autoimmune hyperinsulinemia as well as disorders like adrenal or pituitary hypofunction due to lack of counter regulatory hormones as well as end stage liver or renal diseases with reduction in glycogen stores and inhibition of gluconeogenesis [6] Idiopathic reactive hypoglycemia (IRH) is characterized by hypoglycemia occurring within 1 -2 hour after a meal in otherwise healthy individuals [1]- [6] . In some, it is defined as a one or two hour postprandial glucose level of ≤3.0 mM/L or lower than the fasting glucose level [7] [10] . In contrast to postprandial hypoglycemia documented in several other disorders, none of the aforementioned disorder is present in idiopathic reactive hypoglycemia.
Occurrence of hypoglycemia in idiopathic reactive hypoglycemia is attributed to enhanced insulin secretion caused by initial supernormal glucose response to ingestion of glucose [1]- [3] [7] [9] [10] [12] . Basal hyperglucagonemia with altered glucagon regulation is also implicated [7] [8] [14] . In some studies it was also attributed to rapid gastric emptying secondary to lack of rise in Gastric Inhibitory Polypeptide after meal, altered secretion of other gastrointestinal motility factors like Motilin and Bobesin [9] - [12] .
Even though medications like metformin, diazoxide, alpha glucosidase inhibitor, glitazones, somatostatin and cholinergic blockers have been studied for treatment of idiopathic reactive hypoglycemia, none of these medications are specifically indicated for this condition [6] - [8] [18]- [21] . Frequent small high protein, low carbohydrate diet remains the mainstay of treatment to prevent hypoglycemia in IRH [1]- [8] . However, the mechanism of this improvement with high protein low carbohydrate diet is not well defined.
This study demonstrates altered glucagon regulation in subjects with IRH. Fasting hyperglucagonemia may indicate depleted glycogen stores as documented in our previous studies [22] - [26] . A lack of appropriate glucagon rise in response to declining plasma glucose may be responsible for prevention of hypoglycemia induced by markedly enhanced insulin stimulation by early marked glucose rise following glucose ingestion. The depleted glycogen stores indicated by fasting hyperglucagonemia may further contribute to the lack of prevention as well. Finally, an enhanced glucagon response and a relative lesser rise in insulin levels may be responsible for remission of hypoglycemia following meals containing protein. Therefore, in conclusion, an initial hyperglycemia after glucose ingestion is likely caused by initial paradoxical glucagon rise, whereas hypoglycemia itself may be caused by increased insulin response and declining glucagon levels. Resolution of hypoglycemia with high protein low carbohydrate diet may be secondary to blunting of insulin response and simultaneous rise in glucagon.
